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Viability  

• Hibernating myocardium 

– a state of myocardial hypocontractility during 

chronic hypoperfusion, in the presence of 

completely viable myocardium which recovers 

functionally upon revascularization. 

– ‘Viable’ and ‘hibernating’ myocardium have 

previously been used interchangeably 

• Mechanism 

– Smart heart hypothesis 

– Repetitive stunning hypothesis 
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Variable methods 

J Am Coll Cardiol 2012; 59:359-370. 
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Variable methods 

Targets 

and 

Modalities 

Metabolism Perfusion Scar 
Contractile 

Reserve 

CMR X  O  O  O 

CT X  O  O  X 

Echo X  O  Δ  O  

PET O  O  X  X  

SPECT O  O  X  Δ 

Functional  

integrity 

of myocardial 

cells 

Blood flow 

toward 

the myocardium 

Localization and 

quantification of 

necrosis/fibrosis 

Contractile 

function 

J Am Coll Cardiol 2012; 59:359-370. 
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Diagnostic accuracy 

J Am Coll Cardiol 2012; 59:359-370. 
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Eur Heart J. 2013 Feb 17. [Epub ahead of print] 
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STICH Viability Sub-study 

N Engl J Med 2011; 364:1617-1625. 
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CMR: various variables 

• DE-CMR 

– transmural extent of infarction  
• Kim RJ et al. The use of contrast-enhanced magnetic resonance imaging to identify reversible myocardial 

dysfunction. N Engl J Med 2000; 343:1445-1453. 

– unenhanced residual rim thickness 
• Ichikawa Y et al. Late gadolinium-enhanced magnetic resonance imaging in acute and chronic myocardial 

infarction. Improved prediction of regional myocardial contraction in the chronic state by measuring 

thickness of nonenhanced myocardium. J Am Coll Cardiol 2005; 45:901-909. 

• LDD-CMR 

– contractile reserve during dobutamine stress 
• Wellnhofer E et al. Magnetic resonance low-dose dobutamine test is superior to SCAR quantification for 

the prediction of functional recovery. Circulation 2004; 109:2172-2174. 

• Cine CMR 

– end-diastlic wall thikness 
• Kuhl HP et al. Relation of end-diastolic wall thickness and the residual rim of viable myocardium by 

magnetic resonance imaging to myocardial viability assessed by fluorine-18 deoxyglucose positron 

emission tomography. Am J Cardiol 2006; 97:452-457. 

– segmental wall thickening of the unenhanced rim 
• Kirschbaum SW et al. Combining magnetic resonance viability variables better predicts improvement of 

myocardial function prior to percutaneous coronary intervention. Int J Cardiol; 159:192-197. 
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JACC Cardiovasc Imaging 2012; 5:494-508. 

DE CMR  Sensitivity Specificity PPV NPV 

<0% 53 87 77 68 

<25% 78 71 70 79 

<50% 95 51 69 90 

<75% 99 21 52 97 
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Combining viability variables 

• 72 pts with CTO 

• Successful (43/72) or 

unsuccessful (29/72) PCI 

• Cardiac MRI before and 6 

months after PCI 

① Transmural extent of 

infarction (TEI) 

② Contractile reserve during 

dobutamine stress 

③ End diastolic wall thickness 

④ Unenhanced rim thickness 

⑤ Segmental wall thickening 

of the unenhanced 

rim(SWTur) 

Int J Cardiol 2012; 159:192-197. 
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Myocardial Thinning and Scarring 

JAMA 2013; 309:909-918. 

21% 
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Myocardial Thinning and Scarring 

JAMA 2013; 309:909-918. 

18% 
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Myocardial Thinning and Scarring 

JAMA 2013; 309:909-918. 
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Approaching the Level of Gold Standard 

• Accuracy 

– Basis of segments rather than patients 

– Functional improvement rather than outcome. 

• Clinical availability 

• Cost 

– 국민건강보험공단 급여보장부 

• "4대 중증질환 등 보장성 확대계획 수립을 

위한 의견을 요청" 
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Accuracy 

• Look at dead tissue 

with scar imaging  

 excellent sensitivity 

(95%) and NPV (90%) 

 

• Look at living tissue 

with dobutamine test  

  excellent specificity 

(91%) and PPV (93%) 

 

JACC Cardiovasc Imaging 2012; 5:494-508. 
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DE-CMR 
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DE-CMR: Potential pitfalls and artefacts 

• Inversion time adjustment (Optimal Myocardial Nulling) 

• Differentiation of subendocardial infarct from blood 

pool 

• Ghosting artefacts 

• Partial volume effects 

• Quantification of myocardial scar size 
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Optimal Myocardial Nulling 

Wrong nulling Optimal nulling PSIR 



2013 심장춘계 Imaging of Viable Myocardium 

Bright Blood Cavity 

Courtesy of Eun-Ah Park, SNUH 
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Ghost Artifact 
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Partial Volume Effect  

Circulation 1999; 100:1992-2002. 

8mm 
8mm 0.5 mm 
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Border Zone  

Circ Cardiovasc Imaging 2010; 3:743-752. 
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DE MR: Quantification 

JACC Cardiovasc Imaging 2011; 4:150-156. 
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DE MR: Quantification 

JACC Cardiovasc Imaging 2011; 4:150-156. 
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Reference Myocardium 

6.50g 

4.47g 

6.92g 

4.72g 5.49g 

4.34g 

Courtesy of Eun-Ah Park, SNUH 
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JACC Cardiovasc Imaging 2012; 5:494-508. 

Cine-CMR 
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Cine-CMR 

• Accuracy 

– Temporal & Spartial resolution 

– Scan time 

• Quantification 

– Tagging 

– Strain encoded (SENC) 

JCMR. 2013;15(Suppl 1):E2-E2. 
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Summary 

• CMR is very accurate modality for assessing 

myocardial viability. 

– DE-CMR: high sensitivity and NPV 

– LDD-CMR: high specificity and PPV 

– Other methods 

• unenhanced residual rim thickness 

• end-diastlic wall thikness 

• Need quality control and standardization. 

– Image acquisition 

– Measuring, quantification and reporting  
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